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INTRODUCTION 
This report describes a systematic approach to the formulation 
and expression of specifications that is designed to aid in producing 
complete, clear, arrd correct documents. It is anticipated that the bene-
fits will justify the study and application of the technology by a wide 
variety of specification and standard generatinQ organizations. In the 
past the method has been applieri mainly to design specifications (1,2,3) 
for building structures, but a few applications have been made to portions 
of general building codes also. Since the approach primarily is concerned 
with the format of specifications, it is not limited by the past case 
studies. However, it is not possible to entirely separate content and-
fonnat in the organization of a specification. It is not expected that 
the present technology will be applied to the formulation of project 
specifications for construction projects without future study. 
The following chapters contain an introduction to the concepts 
and tools that comprise this new technology. The first chapter contains a 
brief overview of the technology. The following three chapters describe 
in more detail the three basic tools: one for examining the detailed 
logic contained in each provision, one for representing the precedence of 
information in the entire specification, and one for organizing all of 
the provisions in the specification. The fifth chapter contains con-
cluding remarks about the use of the technology. A glossary of important 
terms is included for quick reference. The report is designed for use by 
individuals concerned with the preparation of specifications. It does 
not contain rigorous definitions and proofs of the theorems and algor-
ithms used. Two companion volumes to this report (4, 5) contain a 
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user's manual and a reference manual for the computer software developed 
as a part of the technology. The reference manual does contain a more 
elaborate description of the algorithms. It must be emphasized early, 
however, that none of the concepts or algorithms require a computer to 
be understood or used. The computer software was developed to aid in 
the application of the technology to large specifications, for which the 
mass of data and repetitive processes would become a burden. Many bene-
fits can be realized ~y the proper understanding and application of the 
concepts without usinQ, let alone understanding, the computer programs. 
This report draws on the combined efforts of many researchers 
and authors. The applicability of decision tables for the representation 
of provisions of design specifications was pointed out by Fenves in 1966 
(6). The AISC Specification (7) and the ACT Building Code (8) have both 
been presented in a decision table form (1,9). The study for the lHSC 
introduced the concept of a network to connect the decision tables which 
was another major step, as foreseen by \.'Jright, Boyer, and r-1elin (10). 
Subsequent work by Nyman, Fenves, and Wright led to investigations of 
restrucurinq a specification and to computer aids for the organization of 
the information content of a specification (11,2,3). Research and devel-
opment on the topic are continuing at several institutions, and the 
prospects for better methods to produce good specifications are promising. 
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Chapter One 
STRUCTURE OF SPECIFICATIONS 
This chapter contains a brief overview of the technology used 
for the representation of specifications. It includes several importarit I 
definitions that the reader will need for the study of the subsequent 
chapters. 
1.1 Provisions 
A specification may be thought of as a collection of provisions 
that are intended to insure or promote the general objective of the speci-
fication. 'In this sense, a provision can be defined as a measure 
that will enable some entity to attain a satisfactory performa.nce with 
respect to a particular limit state. The following excerpt from the ,lUSC 
Specification (7) illustrates one provision: 
"1.5.1.1 TENSION (Allowable stress) 
On the net section, except at pinholes: 
F - r. en r t - u. au ry 
but not more than 0.5 times the minimum tensile strength 
of the steel. On the net section at pin holes in eyebars, 
pin-connected plates, or built up members: 
F = 0 45 F II t . y 
The general objective of the AISC Specification is to provide a 
safe and serviceable structure. This particular provision insures the 
safety of a certain kind of member against failure by yielding or rupture. 
In this example, Ft is a maximum allov.!able stress in tension, and Fy is 
the yield strength of the material. The specification previously states 
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that the actual stress (ft ) shall not exceed this value. There are other 
provi.sions dealing with the serviceability of tension members. 
It is important to note that the concepts of performance qualities 
and limit states are introduced as part of an elementary definition. The 
definition of the specification as a collection of provisions is actually the 
same for performance, procedural, and prescriptive types of specifications. 
The difference between them is in the manner in which the provision is written. 
Performance specifications state the human requirements to be satisfied with-
out describing the physical' schemes that can be used to meet them. Prescrip-
tive specifications state the physical requirements that permissible schemes 
must satisfy. Procedural specifications allow more freedom than prescriptive 
in the configuration of physical systems by stating evaluation procedures to 
be used. They are more scheme dependent than performance specifications. The 
text of procedural a0d prescriptive specifications tends to obscure perform-
ance attributes (qualities) and limit states. A clear statement of perform-
ance attributes and limit states will aid in the unambiguous organization and 
interpretation of all kinds of specifications. 
1.2 Set of Data 
The model of the specification that has been developed by other 
authors in the past (2~,12) and is being used herein is based pn the concept 
that a specification consists of a set of identifiable items of data. There 
is a system of relations that binds the set together into a recognizable and 
meaningful entity. As an example, the following items of data can be iden-
tified in the provision previously excerpted from the AISC Specification: 
Ft - the allowable tension stress 
Fts - the minimum tensile strength of the material 
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Fy - the yield strength of the material 
f t - the actual tension stress 
The status of the provision - satisfied or violated 
The type of physical entity - member 
Several more items of data become evident when the actual stress 
is calculated, such as the area of the net section, the tension force, etc. 
Note that some of the data items are characterized by a numerical value, such 
as ft' others by a yes/no value (termed a Boolean value), such as the status 
of the constraint, and still others by some element of a mutually exclusive 
set~ such as the type of member. The types of relations used include func-
tional definitions (Ft = 0.60 Fy)' logical comparisons (ft ~ Ft ), and hier-
archical categorizations (entity + member + tension + not at pin hole). 
1.3 Systems of Organization 
Three systems are used to define the relations between the data 
items: 
1) The first system expresses the functional and logical relationships 
that are used to establish the value for each provision. The decision table 
is used for this. It is a very convenient tool for representing logical re-
lationships, and is described in detail in Chapter Two. 
2) The second system is used for reference to the other items Of data 
that may be required in the evaluation of any data item. The information 
network is the name applied to this system. Each data item in the specifica-
tion is a point, or node, on the network (except as noted in 3, below). The 
nodes are connected to their ingredient nodes by branches that represent the 
flow of information through a specification from the input data' items to the 
provisions. The ingredients of a node are defined as all those data items 
that may be required for direct evaluation of the node. For example, 
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in the provision cited from the AISC specification F and Ft are ingred-y s 
ients of Ft. The data items IItype of stress ll and IInot at a pin hole" serve 
both to define Ft and the scope of the provision. In the first function, 
they are ingredients; as such they are used to build the information network 
as described in Chapter Three. Their second function is a part of the third 
system of organization. 
3) The third system identifies the applicable provision(s) for any 
situation within the scope of the specification. This system is called 
an outline, because in one format it represents an outline of the specifica-
tiona The headings of the outline are taken from a special group of data 
items called arguments. Arguments are phrases or keywords that are used 
to define in a concise manner the range of applicability of a provision. 
They mayor may not appear in the information network. Thus, in the 
previously cited example from the AISC Specification, "member ll and IItension li 
would be among the arguments. Each provision in the specification is assoc-
iated with one or more arguments so that it will be accessible from the 
outline. Arguments relate to one another in a fashion that leads to the 
levels of indentation in ari outline. This hierarchy is represented by 
grouping the arguments into trees. Outlines, arguments, and trees are 
described in Chapter Four. 
1.4 Goals 
The goal of this approach to formulation and expression is to pro-
vide specifications that are complete, clear, and correct: 
1) complete, in the sense that the provisions cover all possible situa-
tions within the scope of the-specification, that all of the hierarchy of 
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information for each provision is recognized, and that all of the situa-
tions in which a provision may apply are explicitly provided for; 
2) clear, in the sense that the identification of the applicable 
provision(s) for any situation is unique, that all of the data used for 
the evaluation of a provison is defined and properly cross referenced 
in an easily interpretable manner, and that the evaluation of a provision 
gives a unique answer in any situation; 
3) correct, in the sense that the provision used and the answer 
obtained are those intended by the specification writers. 
Completeness and clarity relate to the organization (syntax) of 
the specification, which is the primary concern of this approach to formu.la-
tion and expression. Correctness, however, more closely relates to the 
meaning (semantics). It is the semantic aspect of correctness that makes 
the use of performance attributes and limit states desirable. Generally 
speaking, there will be an argument tree dealing with performance attrib-
utes and limit states when the third system of organization, the outline, 
is generated. Frequently, there will be other trees of arguments also. 
For example, the AISC provision concerning the tension stress, would be 
related to 1) safety against failure by yielding or rupture (a performance 
attribute/limit state argument), 2) member (type of physical entity), and 
3) tension (type of stress). 
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Chapter Two 
DECIS ION TABLES 
The decision table is used to represent and examine the l09ical 
structure of each provision in the specification. It is also used for 
all other data items whose value is established ~y some procedure outlined 
in the specification. The following discussion begins with a general 
description of decision tables before arriving at the narrowly defined 
form of decision table used in this technology. 
2.1 Definition 
A table can be simply defined as an orderly presentation of data. 
A decision table is a special form of table used to express the particular 
mode of reasoning controlling a set of decisions that will always lead to 
a unique result. More specifically, a decision table can be defined as a 
set of rules specifying certain actions to be executed based on a specific 
set of conditions. Decision tables are a relatively new means to express 
the logic for a set of decisions. Written sentences have been used since 
the advent of lan9uage and, more recently, flow charts have been used. 
Decision tables, as a distinct method, were developed in the late 1950's 
to be better able to describe logical problems for programming computers 
when flow charting proved to be too complex and cumbersome. r1any of the 
early applications of decision tables were in the automation of control 
over manufacturing processes. Decision tables have met with success because 
they require an overall analysis of situations involving parallel thought 
processes. Written text and, to some extent, flow charts both describe more 
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of a sequential thought pattern. References 13 and 14 contain general 
information on decision tables. 
A decision table is composed of conditions, actions, and rules. 
A condition is a l09ical statement that may have only one of two values; 
true or false. An action in a general sense is any operation; e.g., it 
may be~the assignment of a value to a variable by means of a formula or 
a statement of control that may. indicate the next procedure to be initiated. 
A rule is a statement that prescribes a set of conditions in order that a 
specified set of actions can be performed. A decision table is a structure 
for defining a set of related rules. The conventional structure of a 
decision table is shown table 2.1. 
CONDITIONS 
ACTIONS 
Table 2.1 Regions of a Decision Table 
RULES 
-
( 
[ 
""""" 
~~----~~------~~------~-------'~ STUBS ENTRIES 
The condition stub lists each condition in the table, one to a 
row. The action stub does the same for the actions. The condition entry 
lists the combinations of values of the conditions, one set to a column. 
Each column in the condition entry defines a rule. The action entry 
indicates which actions are to be executed for each rule. The rule can 
be thought of as a logical A~D function, that is, the rule is not satis-
fied unless each of the condition entries it contains is matched. 
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2.2 Extended.Entry Table 
The most general form of decision table is known as an extended 
entry table. The statements contained in the stubs of these tables are 
generally incomplete. That is, the stub and an entry value are required to 
~ake a complete statement. This form of decision table is very flexible 
and is readily interpreted by readers. Many tables in existing specifica-
tions are essentially of this type, ·although the physical arrangement is 
generally not as described in table 2.1. For example, consider the following 
table, taken from the 1968 edition of the Specification for the Design of 
Cold-Formed Steel Structural Members (15): 
114.2.1 Fusion welds shall be proportioned so that stresses 
therein do not exceed the value in the following table: II 
Specific Minimum Yield Electrode Permissible Stress in 
Point of Lowest Strenqth Classification Shear on Throat of 
Steel Beinq Joined ASTM Fillet or Pluq Helds 
~36 ksi A233E60 13.6 ksi 
>~6 ksi but A233E60 13.6 ksi 
s.50 ks i A233E7f1 15.8 ks i 
> 50 ksi A~16E70 15.8 ksi A316E80 17.7 ksi 
In this example, the first two columns correspond to conditions, the 
third column corresponds to an action, and the rows correspond to rules, This 
same information is rewritten as an extended entry decision table in table 2.2. 
Table 2.2 Extended Entry Decision Table 
"Minimum Yield Point of <36 >36 but >36 but >50 >50 
-Lowest strength steel is <50 <50 
- -
ASTM electrode is A233E60 .A233E60 Jl233E7Q ,1\316E70 A316E80 
Permissible shear stress = 13.6 13.6 15.8 15.8 17.7 
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In many specifications, ingenious formats have been devised 
for tables to represent the logic associated with a particular decision 
when a narrative description was not practical. However, the tables 
become somewhat unruly when more than tV.JOor three conditions are involved. 
Extended entry decision tables are by no means new or unique, but the 
formal structure that allows the combination of ~any conditions was not 
developed prior to the 1950's (13). 
2.3 Limited Entry Table 
Primarily because they are so flexihle, extended entry decision 
tables do not lend themselves to a routine theoretical examination of their 
logic, and are difficult for computer proqrRms to automatically interpret. 
A. rlore widely used fom of decision table, the limited entry form, avoids 
these problems. The stubs of limited entry tables contain complete 
statements. Classically, the condition entry contains only the value of 
the condition (true or false) and the action entry contains an X if the 
action is to be executed or a blank if not. An elementary extension of 
the concept allows the use of an immaterial entry in the condition entry, 
which means that the particular rule does not depend on the value of the 
condition for the row IA/ith the irrrnaterial entry. Conventional sj1llbols 
used in limited entry tables are: Y or T for true, N or F for false, and 
an I, a dot, or a ~lank for immaterial in the condition entry; a blank 
or a dash for IIdon't execute" and an X for "execute" in the action entry. Extended 
entry tables may be converted to limited entry tables in a straightforward 
manner. Table 2.3 contains the conversion of the extended entry table 
shown in table 2.2. 
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Table 2.3 Limited Entry Decision Table 
F < 36 y- T F F F F 
F < 50 T T y- T F F 
A233E6f) T T F F F 
A233E70 F F T F F 
A3l6E70 F F F T F 
A3l6ERO F F F F T 
Fv = 13.6 ksi X X 
F = 15 R v . ks i X X 
F = 
v 
17 .7 ks i X 
The new table has the same number of rules as the original tahle, 
but considerably more conditions and actions. Each extended entry condi-
tion must be divided so that all of its responses can be covered by the 
limited entry condition. Thus, the first condition of table 2.2 is 
divided into two limited entry conditions that are capable of definin9 
the three bounded ranges that exist. The second condition of table 2.2 
is divided into four limited entry conditions, one for each of the unique 
entries in the original condition. 
2.4 Decision Tree 
The logic contained in a decision table can be expressed as a 
decision tree, which is a network with one condition at each node. The 
branches from each node represent the possible condition entries and the 
termination of each path, or limh, is a rule. Figure 2.1 (page 60) gives an 
example of a decision tree generated from a hypothetical decision table. The 
process can be summarized by the following steps (13): 
1) Begin with the original table (the condition entry is all that 
is necessary). 
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2) Select a condition to test. It is sufficient to simply avoid 
conditions that contain ifTlTlaterial entries, because that procedure \.~!ill 
produce a ~ore compact network. 
3) Produce two subtables. Each will contain the remaining condi-
tions not yet tested. One will contain those rules for which the tested 
condition is true, the other those rules for which it is false. A rule 
with an immaterial entry will be in both new subtables. 
4) If the ne1 subtable contains at least one condition and more than 
one rule, go to step 2 and repeat the cycle; if not, go to step 5. 
5) There are four possibilities at this staqe: 
a) The subtable contains exactly one rule and no conditions 
except those with immaterial entries. The rule has been isolated, so ~he 
pa th is ended. 
b) The subtable contains one rule and at least one condition 
with a true or false entry. Return to step 2 and continue. 
c) The subtable contains no rules. The rule isolated was not 
included in the original table. The union of all such rules is called the 
else rule. 
d) The subtable contains no remaining conditions, but does 
contain two or more rules. The rules are not independent; that is, they 
can be satisfied by the same set of condition entries. 
The expression of logic in a decision tree strongly resembles a 
conventional flow chart. Note that more than one network can be made from 
any decision table, dependin~ on the order of selection of the conditions 
for testing, but that a unique set of condition entries will always isolate 
the same rule. Decision trees can be generated from extended entry tables 
also; however, the number of branches leaving each node depends on the 
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number of unique entries for the condition. One of the advantages of a 
limited entry table is that the decision tree will always have two branches 
coming out of each condition node. Else rules and rules that are not 
independent will be discussed more fully in section 2.7. 
2.5 Preparation of Conditions, Actions, and Rules 
One of the keys to the successful use of decision tables in the 
fonnulation and expression of spec'ifications is the proper formulation of 
condition and action stubs. There are a few guiding principles, but the 
experience that comes with practice is invaluable. There is an element 
of style in writin9 decision tables for a group of related data items so 
that they may be smoothly coordinated in the information network. 
The first principle is that each decision table shall establish' 
the value for only one data item. This restriction allows each decision 
table to be uniquely associated with one node in the information 
network, and it allows ~he ready determination of the ingredients of that 
node. All of the actions must establish a value for the same data item 
which is the one data item,unique1y associated with the decision table. 
All of the other dnta items used in the conditions and actions are the 
ingredients. While this principle somewhat restricts the great flexibility 
of decision tables, it does lead to a desirable consequence: the decision 
tables thus forned tend to be small and therefore easy to understand and 
analyze. 
A seconrl principle is that each condition stub and action stuh 
must contain only data items defined as nodes in the information network, 
constants, and logical and arithmetic operators. This;s necessary so that 
the informetion network can serve its function of providing access to all 
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the necessary data items. This principle sounds very elementary; however, 
some skill is required in developing a specification such that the set of 
data items is consistent. Among the errors that occur are the omission of 
data items, the use of multiple names for the same item, and the use of the 
same label for different items. 
As an example of the formulation of conditions and actions for a 
decision table, consider the following prov.ision froPl the Specification for 
the Design of Cold Famed Structural Steel ~'~eJ11bers (15): 
"3.2 Compression on Unstiffened Elements Compression, 
Fc, in kips per square inch, on flat unstiffened 
el ements: 
(a) For wIt not greflter than 63.3/vFY.;...Fc = 0.60 Fy (b) For wIt ratio greater than 63.3/~y but not 
qrea ter tha n 144/ rIFY: * 
Fc = Fy[O.767 - (2.64/103) (w/t) v'fyJ 
(c) For wIt ~atio 9reater than 144/l'fY but not 9reater 
than 25: 
Fc = 8,OOO/(w/t)2 
(d) For wIt ratio from 25 to 60:** 
For angle struts, Fc = 8,OOO/(w/t)2 
For all other section: F = 19.8 - 0.28 (w/t) 
In the above formulas, wIt = flat-wi&th ratio as defined in section 
2.2. 
*When the yield point of steel is less than ~3 ksi, then for wIt 
ra t ios bet\AJeen 63.3/ vFy a.nd 25: 
F = f) 60 F _ [\,,/t-63.3/vfYJ(Q.60Fy-12.8) 
c ~. Y 25{1-2.53/l/Fy) 
**Unstiffened compression elements have ratios of wIt exceedinn 
approximately 30 may show noticeable distortion of the free 
edges under allowable compressive stress without detriment to the 
ability of the number to support load. 
For ratios of wIt exceeding approxi~ately 60 distortion of the 
flanges is likely to be so pronounced as to render the section 
structurally undesirable unless load and stress are limited to 
such a degree as to render such use uneconomical. 1I 
The provision deals entirely with the evaluation of one variable, 
There are four ingredients, variables that ~ay affect the value of F : 
c 
Fy, 1.N, t, and the type of member. The steD by step nrocedure for formula-
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tion of a decision table is flexible. In this case, the next step might 
be to write the easily identifiable actions: 
1) F c = 0.60 Fy 
2 ) F c = F y [ 0 . 767 - ( 2 . 64/1 03) (VI / t) vf y ] 
3) F c = 8, 000/ ( w / t) 2 
4) Fc = 19.8-0.28(w/t) 
5) F 0 60 Fy rw/t-63.3/vfy](O.60Fy-12.8) 
c . - 25(1-2.53/l1fy) 
Note that the fifth action was found in the footnote. 
From a first reading of the provision, it is obvious that the wit 
ratio is very important and that several conditions will involve it. It is 
convenient to write related conditions in adjacent positions, so that is 
done as the conditions are written: 
1) wit.::. 63.3/ vfy 
2 ) VI / t < 1 44/ if y 
3) wit.::. 25 
4) wit.::. 60 
5) Member type = angle strut 
The four conditions involving wit will cover the entire range of 
possible values, from zero to more than 60, depending on the status. 
The next step in the preparation of the table is to begin writin9 
the rules. The table will be constructed one rule at a time. In many cases, 
the formulation of the rules is done before the actions and conditions are 
considered. The entire process is iterative, so the initial order is not 
of paramount importance. The first three rules are identified very easily: 
for rule one, condition one is true and the action is one; for rule two, 
condition one is false, condition two is true, and the action is two; for 
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rule three, condition two is false, condition three is true, and the action 
is three. Choosing to temporarily ignore the asterisk and its footnote, 
rules four and five can be formulated: for both rules, condition three is 
false and condition four is true; condition five is true for rule four and 
false for rule five while rule four uses action three and rule five uses 
action four. 
In taking account of the footnote, a new rule is formed which 
involves a new condition: 
6) Fy < 33 
For the sixth rule condition one is false, condition three is true, condi-
tion six is true, and the action is five. The table at this stage is 
shown in table 2.4: 
Table 2.4 Initial Condition Entries 
2 3 4 5 
1 wit ~ 63.3/ vf v T F 
J 
2 w/t.2 1 44 I vf y T F 
3 wit .2 25 T F F 
4 wit .2 60 T T 
5 Member type = angl e st rut T F 
6 F < 33 y-
1 Fc = 0.6 Fy X 
2 Fc = function 2 X 
3 Fc = 8000/(w/t)2 X X 
4 Fc = 19.8 - 0.28(w/t) X 
5 Fc = function 5 
6 
F 
T 
T 
X 
At this point, one iteration in the formulation of the rules is 
comp1ete. It should be emphasized that the blanks in the condition entry 
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are not representative of immaterial entries because no consideration has 
been given to them yet. The conditions an.d actions can be seen to be in 
agreement with the stated principles for their formulation. Completing the 
example will not add to the study of conditions and actions,·but it is instruc-
tive in that it points out the manner in which decision tables demand full 
consideration of the situation being defined. 
For rule one, condition ~wo is obviously true if condition one is. 
Conditions three and four are not so obvious. An analysis indicates that. 
condition three can be false when condition one is true only if Fy < 6.4, 
.I -
which is not only unlikely, but impossible if the material used meets the 
ASTM specifications in section one of the specification. For the sake of 
illustration, this other information will be ignored, as if this one pro-. 
vision were being looked at with blinders on. Therefore, conditions three 
and four will be immaterial for rule one. Conditions five and six also 
turn out to be immaterial for the rule. 
For rule two, a similar analysis indicates that condition three 
could be false if Fy were less than 33 ksi. Since this is the situation 
defined in the footnote and· covered in rule six, the entry for conditions 
three and four ;s true while that for condition six is false. Condition 
five is once again immaterial. 
Rule three is completed using reasoning very similar to that for 
rule two. For rules four and five, the same blinder vision that was invoked 
on rule one is used again; consequently, the entries for conditions one, 
two, and six are immaterial for both rules. 
For rule six, condition two may be either true or false so an 
immaterial entry is made. Condition four is true if condition three is, and 
condition five is immaterial. The completed table is shown in table 2.5. 
2 
3 
4 
5 
6 
2 
3 
4 
5 
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Table 2.5 Completed Condition Entries 
2 3 
w/t ~ 63.3/IF T F F Y 
w/t ~ 144/IFy T T F 
w/t ~ 25 T T 
w/t ~ 60 T T 
Member type = angle strut 
Fy ~ 33 F F 
Fc = 0.60 Fy X 
Fc = function 2 X 
Fc = 8000/(w/t)2 X 
Fc = 19.8 - 0.28(w/t) 
Fc = function 5 
4 5 6 
F 
F F T 
T T T 
T F 
T 
X 
X 
X 
Analysis of this table will show that rule one is not independent 
of either rule four or rule five. This can be determined two ways: 
1) in the process of forming a decision tree, the situation described in 
step 5 d),in section 2.4 will be encountered (a subtable with two or more 
rules that has no conditions remaining to test), or 2) it may be observed 
from visual examination of the table that the same condition entry will 
satisfy rules one and four (for example: T,T,F,T,T,T) and that another 
set can be found for rules one and five. As will be discussed further in 
section 2.7, all rules in a decision table must be independent, so some 
modification of the table is necessary. In this case, the information 
concerning the possible range of values for Fy must be taken into account. 
As pointed out, this would make condition three true for rule one. It 
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would also make condition one false for rules four and five. For rule 
one, since condition three is true, condition four will be true also. The 
revised table is shown in table 2.6. 
Table 2.6 Revised Condition Entries 
2 
3 
4 
5 
6 
2 
3 
4 
5 
\~/t ~ 63 .311F Y 
wit ~ 14~IIFy 
wit ~ 25 
wit ~ 60 
Member type = angle strut 
F Y ~ 33 
Fc = 0.6 F y 
Fc = function 2 
Fc = 8000/(w/t)2 
Fc = 19.8 - 0.28(w/t) 
Fc = function 5 
2 3 
T F F 
T T F 
T T T 
T T T 
F F 
X 
X 
X 
4 5 6 
F F F 
. 
F F T 
T T T 
T F 
T 
X 
X 
X 
The decision tree derived from table 2.6 is shown in figure 2.2. 
There are three else rules identified; that is, rules that are not in the 
table. The else rules for this example will be discussed in more detail 
in section 2.6, but a word about one of them is appropriate here. Examina-
tion of the entries for condition four shows that the false entry is never 
used. Since this is a possibility, it is pointed out in the decision tree 
by the else rule shown as the false branch from condition four. The second 
footnote pertains to that situation, but no specific provision is made. 
A limitation on wit of ,60 does exist elsewhere in the specification, 
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however, so that 60 is the upper limit on wit that would be allowed. Con-
dition four could be deleted and the provision concerning the maximum 
ratio would be included in another decision table. 
Some decisions are appropriate to perform in the action stubs. As an 
example, consider a decision table for the provision dealing with the 
allowable tension stress taken from the AISC Specification (see section 1.1). 
A decision table for it is: 
"Table 2.7 Conditional 
Location = pinhole T F 
Ft = min. (0.60 Fy ' 0.50 Fts ) X 
F.L = 0.45 F" X 
l.. Y 
The instruction to find the minimum of a group of variables is more 
convenient to locate as a part of the action. Such logical operations 
included in the actions are called conditionals. Note that conditionals 
are not included in the decision tree or any of the checks for independent 
rules, so errors in their formulation are more difficult to detect. 
Several logical statements may be combined into one condition with 
the use of logical AND functions or OR functions. Consider the hypothetical 
condition IIA>B AND C>D AND E>F." The condition VJould be true if all portions 
of the condition were true, but it would be false if anyone or more portions 
were false. If the AND operators in the example were replaced by OR operators, 
the condition would then be true if anyone or more portions were true, and 
it would be false only if all portions were false. Many provisions in 
specifications are conveniently expressed using combined conditions. An 
example of their use is included in section 2.10. 
-20~ 
The style of defining data items and of writing conditions and 
actions, particularly actions, is an important consideration. Generally 
speaking, data items which have no dependents, or those that are important 
provisions are defined in a manner such that they have only yes-no values 
(provision satisfied or violated). A tendancy exists to write decision 
tables with only two actions, one for the yes value and one for the no value. 
This may lead to the definition of ·too many data items as yes-no provisions, 
and more importantly, to decision tables that are larger and more difficult 
to analyze. When a user of this technology finds that the decision tables 
are tending to be large (consistently more than about ten rules), it is 
likely that some consideration should be given to redefinition of some of 
the data items or partition of some of the decision tables. An example 
illustrating this point is given in section 2.9. 
2.6 Related Conditions and Implicit Entries 
Conditions that involve the same data item are related. In many 
cases, the value for one condition will predetermine the value of a related 
condition. Table 2.6 is such a table because the four conditions concerning 
wit are related. In rule one, the first condition is true; therefore, the 
second is also true because wit cannot be both greater than and less than 
63.3/vfy. An expansion of the entries permitted in a limited entry table 
allows the situation to be treated to advantage (13). The two new entries 
are implicitly true, +, and implicity false, -. They are used when the 
value of a condition for a rule is predetermined by the values of other 
conditions for that same rule. Thus, Table 2.6 is transformed into Table 
2.8. 
2 
3 
4 
5 
6 
2 
3 
4 
5 
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Table 2.8 Impl icit Entries 
2 3 4 5 6 
wit ~ 63. 3/IFy T F - - - F 
wit ~ 144/vFy + T F 
wit ~ 25 + + T F F T 
wit ~ 60 + + + T T + 
Member type = angle strut T F 
F ~ 33 F F T 
v 
F = c 0.6 Fy X 
Fc = function 2 X 
F = c 8000/(w/t)2 X X 
Fc = 19.8 - 0.28 (wit) X 
F = c function 5 X 
When implicit entries are encountered in the decomposition of a table 
into a decision tree, the same steps described in section 2.4 are followed. The 
implicit entries are treated somewhat differently than explicit or immaterial 
entries. First, it is efficient to avoid testing conditions with implicit en-
tries, similar to the efficiency gained in avoiding immaterial entries. However, 
the avoiding of immaterial entries takes precedence over implicit entries. When 
new subtables are being formed by separating the tru rules and false rules for 
the condition being tested, the implicit entry is treated just as an explicit 
entry. For example, a rule with a + for the condition being tested is entered 
in the subtable of true rules, but not the subtable of false rules. When a 
subtable contains only one rule, the implicit entries are treated as immaterial 
entries. That is, they need not be tested to verify the rule. The decision 
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tree generated from table 2.8 is shown in figure 2.3. Compare it to the 
decision tree shown in figure 2.2. It is much more compact, and two of the 
else rules in figure 2.2 have disappeared. Those else rules represented 
impossible situations, and it is those impossible situations that the implicit 
entry is used to take advantage of. 
Besides conditions that compare a data item to bounded ranges, there 
are other types of conditions that, are related. A common situation in speci~ 
fications is the comparison of a data item to the elements of a mutually ex-
clusive set. The conditions concerning the type of electrodes in table 2.3 
(section 2.3) are related in such a manner. The four types of electrodes 
compose a mutually exclusive set: that is only one of them may be used. 
Therefore, if anyone of those four conditions is true, then the other three 
must be false. Table 2.3 is rewritten in table 2.9 taking account of the 
mutually exclusive set and of the relation between the conditions with Fy 
also. 
Table 2.9 Impl icit Entries 
F Y ~ 36 ksi T F F - -
F Y ~ 50 ksi + T T F F 
A233E60 T T - - -
A233E70 - - T - -
A316E70 - - - T -
A316E80 - - - - T 
F = 13.6 v ksi X X 
F = v 15.8 ksi X X 
F = v 17.7 ksi X 
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For this table, the implicit entries make a tremendous difference 
in the number of else rules encountered in the decision tree. Compare the 
two decision trees shown in figure 2.4 a) and b). The former has 15 else 
rules while the latter has three. The else rules in figure 2.4 b) repre-
sent possible combinations of material strengths and electrode types that 
are not included in the decision table because nothing was said about them 
in the table in the AISI specification (see section 2.1 for the table). 
The question arises from this analysis as to whether the electrodes listed 
with the various material strengths are the only ones permitted for use. 
This question must be resolved before the decision table can be modified 
to correct the else rules. 
Some sets of mutually exclusive data have another property: they 
are collectively exhaustive. That is, not only must the variable take 
only one value from the set, but it will always take one. When mutually 
exclusive sets are collectively exhaustive, it is possible to write a 
rule in two equivalent ways with implicit entries. Consider the hypo-
thetical variable x which must take a value from the mutually exclusive 
and collectively exhaustive set [A~ B, C, OJ. Then the three rules shown 
below are equivalent: 
Table 2.10 Equivalent Rules 
x = A F 
-
F 
x = B T T + 
x = C F - F 
x = 0 F - F 
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Note that the set of electrode designators in table 2.9 ;s not 
collectively exhaustive because there are many more types of electrodes. 
It is possible that they could be made collectively exhaustive if another 
decision table were us'ed to test the acceptability of the electrodes. The 
specification is not complete concerning this question. 
2.7 Uniqueness 
A very important principl'e in the theory of decision tables is 
that one and only one rule must be matched for any given set of variables 
that are used to define the conditions (13). That is, the logical process 
of a decision table must always find a unique rule in any transaction. 
Another way to state this is to say that all the rules in a table must be 
independent. It is incorrect for any two rules in the same table to have 
identical condition entries. When two rules are not unique, they are called 
dependent .. Note tha t two rul es may be dependent even though thei r condi ti on 
entries are not identical if they contain immaterial or implicit entries. 
This was demonstrated for table 2.5 in section 2.5. If two rules are 
dependent and their action entries are the same, they are called redundant, 
whereas they are called contradictory if their action entries are different. 
It is not incorrect for two different rules to have the same action 
entries. In some cases, two such rules may be combined into one. If two 
rules have identical entries for all conditions but one and have the same 
action entry, then the two rules can be made into one by placing an immaterial 
,entry at the condition that had the different values. Note that the differ-
ent values in the two original rules should be a true and a false; if not, 
one or both of the rules probably contains an error. 
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2.8 Completeness 
One benefit that can be derived from expressing logic in a 
limited entry decision table is that it is possible to determine if the 
logic is complete. Several example tables have been prepared and decision 
trees have been generated from them. A decision table is complete if its 
decision tree contains no else rules. This is the same as saying that a 
decision table is complete when ,its condition entry contains all of the 
possible combinations of values for its conditions. Note that this test 
of completeness does not consider the logic contained in conditionals. 
The decision tree is the recommended way to check the completeness 
of a decision table, but it' is not the only way. A classical way of check-
ing the completeness of decision tables is the counting of equivalent simple 
rules (13). A simple rule is one that contains only true and false entries. 
A decision table with n conditions will have 2n unique simple rules -- no 
more, no less. Most decision tables will contain entries other than true 
and false, and the counting procedure is easily extended to those with 
immaterial entries. Defining a compound rule as one that contains an 
immaterial entry, it can be shown that a compound rule with r immaterial 
entries represents 2r unique simple rules. A table can be checked for 
completeness by counting the sum of equivalent simple rules for each rule. 
Consider table 2.11 (the condition entry from table 2.6). 
The total number of simple rules is much less than 26 = 64, so 
the decision tree should contain else rules, which it does, as shown in 
figure 2.2. Each of the else rules in the figure can be considered a com-
pound rule with immaterial entries for those conditions not included on their 
path. Thus, the first else rule does not test conditions five and six so 
it contains four simple rules. Likewise the second else rule contains eight 
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Table 2.11 Counting Simple Rules 
2 3 4 5 6 
Condition T F F F F F 
Condition 2 T" T F 
Condition 3 T T T F F T 
Condition 4 T T T T T T 
Condition 5 T F 
Condition 6 F F T 
r 2 1 1 2 2 2 
2r 4 2 2 4 4 4 ~ = 20 
simple rules and the last one contains 32. The total number of simple 
rules shown in the tree is the sum 20 + 4 + 8 + 32 = 64, which is the proper 
total. 
The one instance where counting simple rules in a table with 
immaterial entries can lead to an error is when two of the compound rules 
contain the same simple rule. This error will not occur when using the 
decision tree approach because two such compound rules are dependent and 
will always be identified as such. If the rule counting method is used 
to check completeness of tables with immaterial entries, care must be 
exercised to detect dependent rules. 
Implicit entries in a table make the counting of equivalent simple 
rules unreliable. The reason is that it is not predictable (with any 
ease) how many simple rules that one rule with implicit entries may repre-
sent. Two examples will be presented to show methods that may sound reason-
able but do not always work. 
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Consider table 2.8. Treating the implicit entry as an immaterial 
entry, count the equivalent simple rules as shown in table 2.12: 
Table 2.12 Counting Simple Rules 
2 3 4 5 6 
Condition T F - - - F 
Condition 2 + T F 
Condition 3 + + T F F T 
Condition 4 + + + T T + 
Condition 5 T F 
Condition 6 F F T 
r 5 3 3 3 3 3 
2r 32 8 8 8 8 8. L: = 72 
The total is 72, greater than 26 = 64, and even greater than the correct 
answer, since the table did contain an else rule (see figure 2.3). 
Once again considering table 2.8, consider only those implicit entries 
that are predetermined by conditions above it in the rule as shown in table 2.13: 
Table 2.13 Counting Simple Rules 
2 3 4 5 6 
Condition T F F F F F 
Condition 2 + T F 
Condition 3 + + T F F T 
Condition 4 + + + T T + 
Condition 5 T F 
Condition 6 F F T 
r 5 3 2 2 2 3 
r 2. 32 8 4 4 4 8 L: = 60 
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This is closer to the correct answer, but the one else rule in figure 2.3 
represents 24 = 16 simple rules, so the total number of simple rules in 
this table should be 64 16 = 48. 
As previously stated, the recommended procedure for checking the 
completeness of a decision table is to use the decision tree to locate else 
rules. All of the else rules, that is, any rule not included in the original 
table, will be detected using the decision tree. The condition entries for 
the else rule can be found by tracing along the path from the else rule to 
the start of the tree, taking the condition entry from the sense of the 
branch. Any condition not encountered on the path will have an immaterial 
entry. Note that implicit entries can not be detected from the decision 
tree. Once all the else rules have been found, each should be examined to 
determine why the original table did not anticipate them. 
Generally speaking, decision tables for specifications should be 
complete, because an else rule indicates an error situation. Some tables 
may be formulated using an else rule to lead to a specific action. For 
example, rules five through ten in table 2.14 can be replaced with one else 
rule leading to action two. However, it is recommended that this approach 
not be used by a specification writer until all of the rules have been exam-
ined. Once this is accomplished, the else rule may be a convenient shorthand. 
One exception to this procedure can occur when tables have implicit 
entries. It is possible to generate an else rule in the decision tree which 
is opposite to the implicit entry in some stated rule. These special else 
rules do not make the table incomplete. 
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2.9 Style of Table 
In section 2.5, it was pointed out that the manner of defining data 
items and writing actions have a bearing on the complexity of the ,decision 
tables produced. One example from a study of a chapter of the Basic 
Building Code (16) will be used to i11ustra~e this. The provision of 
interest is included in section 1411.0: 
Section 1411.0 Roof Signs 
1411.1 Materials: All roof signs shall be constructed entirely 
of metal or other approved noncombustible materials except as, 
provided in section 1409.5. Provision shall be made for electric 
ground of all metallic parts; and:where combustible materials 
are permitted in letters or other ornamental features, all wiring 
and tubing shall be kept free and insulated therefrom.' 
1411.2 Bottom Clearance: There shall be a clear space of not· 
less than six (6) feet between the lowest part of the sign and 
the roof level except for necessary structural supports. 
1411.3 Closed Signs: A closed roof sign shall not be eretted 
to a height greater than fifty (50) feet above fireproof and 
noncombustible buildings (types 1 and 2) nor more than thirty-
five (35) feet above the roof of non-fireproof (type 3) buildings. 
1411.4 Open Signs: An open roof sign shall not exceed a height 
of one hundred (100) feet above roof of buildings of fireproof 
and noncombustible construction, (types 1 and 2); and not more 
than sixty (60) feet above the roof of buildings of non-fireproof 
(type 3) construction. 
1411.5 Combustible Supports: Within Fire Districts Nos. 1 and 
2, no roof sign which exceeds forty (40) feet in height shall be 
supported on or braced to wooden beams or other combustible con-
struction of a bui 1ding or, structure unless otherwise approved 
by the building official. 
A decision table is written for checking the provision for the maximum 
height. Initially, the table is formulated so that the actions are: 
1) height acceptable and 2) height not acceptable. The decision table 
appears in table 2.14 and involved a significant amount of preparation: 
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Table 2.14 Approach 
2 3 4 5 6 7 8 9 10 
1 Clearance < 61 T T T T T T T T T F 
2 sign const. = closed T T F F T T F F 
·3 Bldg. type = 1 or 2 T - T - T - T - F 
4 Bldg. type = 3 - T - T - T - T F 
5 Height < 35 1 F - T + + 
6 Height < 501 F - T + + 
7 Height < 60 1 - - F + T 
8 Hei ght < 100 1 - - F - T 
1 Height acceptable X X X: X 
2 Height not acceptable X X X X X X 
The table is complete as shown. There are many interesting facets 
to this table, particularly concerning the fact that the set of parameters 
for conditions 3 and 4 is mutually exclusive but not collectively exhaustive. 
The point of this illustration is to discuss the significant simplification 
possible if the data item called Maximum allowable height is introduced 
and two decision tables are used instead of one. 
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Table 2.15 Approach 2 
2 3 4 5 6 
1 Clearance < 6 1 F T T T T T 
2 sign const. = closed T T F F 
3 81 dg". type = 1 or 2 F - T - T 
4 Bldg. type = 3 F T - T -
1 Max height = 0' X X 
2 Max. height = 35' X 
3 Max. height = 50' X 
4 Max. height = 60' X 
5 Max. height = 100' X 
Height ~ max. height T F 
Height acceptable X 
Height not acceptable X 
The revised set of tables involves fewer decisions to arrive at the 
answers and are less subject to misinterpretation. Approach one has been 
ca 11 ed the checking approach and approach two the design approach, but 
giving names to these two approaches is somewhat misleading~ In both 
cases, the final question "height acceptable?" is checked. In the latter 
case, it is accomplished in an easier fashion. 
2.10 Combined Conditions 
It was stated in section 2.5 that conditions may be composed of com-
pound logical statements, and that use of such conditions is frequently 
advantageous in that the number of rules is reduced. The following pro-
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vision from the 'Basic 'Building Code illustrates this: 
2 
3 
"623.31 Dimensions; Stairs shall be at least twenty-two 
(22) inches wide with risers not more and treads not less 
than eight (8) inches and landings at foot of stairs not 
less than forty (40) inches wide by thirty-six (36) inches 
long, located not'more than eight (8) inches below the 
access window or door." 
Table 2.16 Compound Conditions 
2 
Stair width> 22" A.r-JD T T 
-Riser < 811 AND, 
Tread ;- 811 AND 
Landing width ~ 40 11 AND 
Landing length ~ 36 11 AND 
Landing below access O.::..x.::..8" 
Dimensions acceptable X 
Dimensions not acceptable X 
There are instances where the use of compound conditions requires 
considerably,more care in preparation. One such case is with provisions 
that are defined by exception, which is a common occurrence. Consider the 
following example taken from the 'Life Safety 'Code, 1973 (17): 
1110-2331. Each stairway between stories shall be enclosed 
in accordance with 6-1113 and 6-1114 with partitions having 
a l-hour fire resistance rating. 
Exception No.1: Where a full enclosure is impracticable, 
and the stair is not a required exit, the required enclo-
sure may be limited to that necessary to prevent a fire 
originating in any story from spreading to any other story. 
Exception No.2: Stairs that do not connect to a corridor, 
do not connect more than two levels, and do not serve as a 
means of express need not comply with these regulations. 
10-2332. Any elevator shaft, light and ventilation shaft, 
chute, and other vertical opening between stories shall be 
protected as required above for stairways. II 
The decision table for the type of enclosure required for vertical 
openings ,was originally written as shown in Table 2.17. Note that the 
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data items in the compound condition were defined in a positive manner: 
2 
3 
2 
3 
Table 2.17 Improper Compound Condition 
Vert. opng. connects to corridor AND T 
connects more than two stories AND 
is a means of egress. 
Full enclosure impracticabl e F 
Vert. opng. is req'd exit 
Type of encl. = meeting 6-1113 X 
and 6-1114 with l-hour partitions 
Type of encl. = necessary to prevent 
spread of fire to adjacent story 
Type of encl. = unrestricted 
2 3 4 
T T F 
T T 
T F 
X 
X 
X 
The meaning of condition one is not the same as the exception in 
the written expression. The result obtained is correct if all three of 
the statements in condition one are true or if all are· false. If they 
are mixed, the table gives the incorrect result. The correct expression 
of condition one is: 
Table 2.18 Proper Compound Condition 
234 
Vert. opng. does not connect to a corridor AND F F F T 
does not connect more than two stories AND 
is not a means of egress. 
The sense of both the condition and the condition entries are 
reversed, giving the correct statement of the logic. 
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Chapter Three 
INFORMATION NET\~ORK 
This Chapter describes the information n~twork, which serves as 
an aid to the formulation and expression of specifications in several ways. 
The overall network represents the hierarchy of data items in the specifica-
tion and can be said to direct the flow of infonnation through a ·specifica-
tion. Some of the aids are directly quantitative while others are 
qua 1 i ta t i ve . 
3.1 Definition 
A network can be defined simply as a set of points connected by 
lines. The points are called nodes and the lines are called branches. Any 
single branch may only be connected to two nodes, one at each end, and 
branches rray only be connected at nodes, although they may cross over one 
another at other points without impairing the generality of the definition (18). 
The information network that is used to represent the precedence 
relations of the information contained in a specification is formed by 
assigning one data item to each node. These nodes may be numerical quanti-
ties, such as material strength, qualitative values, such as the type of 
occupancy of a building, or boolean values such as the status of a provision 
(satisfied or unsatisfied). Each decision table establishes the value for 
one data item, so each decision table is uniquely associated with a node in 
the network. Some nodes represent items that have their value established by 
a unique formula; in such cases the fo"rmula is associated with the node as if 
it were a decision table (in a sense it is the limiting case of a decision 
table --- one action and no conditions). There will be data items that have 
no procedure for evaluation contained within the specification. The nodes 
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for these items are called input nodes because their value mus~ be supplied 
by sources of information outside the specification. 
Each node is connected by a branch to each of its ingredients. 
The ingredients of a node are defined as all of the nodes that may be 
required to evaluate it. All of the data items used in a decision table 
or a formula for a" node are that node's ingredients. The branch is a 
directed branch, pointing from the ingredient to the node. The node can be 
said to be a dependent of each of the ingredient nodes, although it may not 
be the only dependent. 
3.2 Construction of the Network 
The entire network for a specification can be built once each node 
and its ingredients are known. The input nodes will have no ingredients. 
All of the nodes that have ingredients are called derived nodes. The infor-
mation network does not show how they are derived, only the items that may be 
necessary in order to derive the value. Some of the nodes (at least one) will 
have no dependents; they are called output nodes of the network. The output 
nodes represent the major provisions included within the specification. The 
concept of using the major provisions as the output nodes is rather arbitrary 
since one final node could be defined as the "specification is satisfied". 
At this point it seems to be advantageous to truncate the network at some 
convenient definition of major provisions in order to gain more insight into 
the function of the outline, as will be discussed later. 
As an example of network construction, consider the following excerpt 
from an old edition of the"Basic Building Code (16). 
Section 623.0 Fire Escapes 
623.1 Where Permitted: Except in use groups L-2 and L-3 (one- and 
two- family and multi-family dwellings), fire escapes shall not in 
general be accepted as an element of a required means of egress. 
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Fire esc~pes shall be permitted only by special order of the building 
official, in existing buildings or structures of other use groups, not 
exceeding five (5) stories or sixty-five (65) feet in height, when 
constructed in accordance with the approved rules and when more ade-
quate exitway facilities cannot be provided. 
623.2 Location: When located on the front of the building and pro-jecting beyond the building line, the lowest landing shall be not less 
than ten (10) or more than fourteen (14) feet above grade, equipped with 
a counterbalanced stairway to the street and with fixed ladder to the 
roof. In alleyways and thoroughfares less than thirty (30) feet wide, 
the clearance under the lowest landing shall be not less than fourteen' 
(14) feet. 
623.3 Construction: The fire. escape shall be designed to support a 
live load of one hundred (100) pounds per square feet and shall be 
constructed of steel or other approved noncombustible materials. 
623.31 Dimensions: Stairs shall be at least twenty-two (22) inches 
wide with risers not more and treads not less than eight (8) inches and 
landings at foot of stairs not less than forty (40) inches wide by 
thirty-six (36) inches long, located not more than eight (8) inches 
below the access window or door. 
623.32 Opening Protectives: Doors and windows along the fire escape 
shall be protected with three-quarter (3/4) hour opening protectives in 
other than residence buildings of use groups L-2 and L-3. . 
623.33 Outside Fire Limits: On buildings not over three (3) stories 
nor more than forty (40) feet in height located outside the fire limits, 
accommodating not more than twenty (20) persons, fire escapes may be 
constr,ucted of wood or other approved material of simi lar combustible 
characteristics. 
623.34 Within Fire.Limits: Within Fire District No.2 fire escapes 
may be constructed of wood not less than two (2) inches thick on buildings 
of type 3 or type 4 construction not more than three (3) stories in height. 
Table 3.1 contains the list of data items identified and their ingred-
ients. The first 29 data items were identified as the section was read and 
studied. Decision tables were then constructed for the derived nodes and the 
data list was modified as necessary. The ingredients were listed after the 
decision tables were constructed. The process of defining data items and 
ingredients necessarily interacts with the construction of decision tables. 
Table 3.1 Data List 
Data List Ingredients 
1. Fire escape acceptable 2,3,4,6,7,8,9 
2. Use group 
3. Special order of building official 
4. Existing building 
5. HeigDt limit met (note--this node was found to be unused) 
6 .~,umDer of stories 
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Tabl e 3.1 (cont.) 
Data List 
7. Height, ft. 
8. Construction in accord with rules 
9. More adequate exitway impossible 
10. Front of bui lding 
11. Projecting beyond building line 
12. Height lowest landing above grade 
13. Counter balanced stair to street 
14. Fixed ladder to roof 
15. Alley or thoroughfare less than 30 ft wide 
16. Des i gn 1 i ve load 
17. Steel or other noncombustible material 
18. Wood not less than two inches thick 
19. Type of construction 
20. Fire district 
21. Stair width 
22. Riser height 
23. Tread depth 
24. Landing width 
25. Landing length 
26. Landing below access 
27. Hour opening protective 
28. Within fire 1 imits 
29. Proper landing clearance 
30. Acceptable material 
31. Acceptable dimensions 
32. Number occupants 
33. Wood or similarly combustible 
In gred i ents 
2,16,27,29,30,31 
10,11,12,13,15,14 
6,17,18,19,28,32,33,20,7 
21 ,22,23,24,25,26 
The decision tables for this example were constructed following the 
general procedures of Chapter Two. They are not reproduced here because the 
purpose is to demonstrate the contents and construction of a simple information 
network. The complete network is shown in figure 3.1. Note that one of the 
originally defined nodes, number 5, was not used in the network and is not 
shown in the figure. The network is constructed by drawing the branches rep-
resenting the ingredients. In this network, only five nodes have ingredients. 
The arrow on the branch points from the ingredient to the node. 
3.3 Characteristics of the Network 
The overall information network may be said to represent the flow of 
data from input to output, through a specification. Mathematically speaking, it 
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is a linear ~raph. It will generally not be a planar graph, meaning that if 
one attempted to draw it, some branches would have to cross one another between 
node points. In the case shown in figure 3.1, the graph is planar, primarily 
because it is so small. The network for the design requirements of the AISC 
specification is composed of 422 nodes (2). Information networks will generally 
have many closed loops, although none of them may be traversed completely without 
changing the direction of at least.one branch. Note that if this type of 
circuit were possible, it would mean that a node might require assignment of 
its value before it could be evaluated. While iterative calculation is used 
in many analyses, it is not common in a specification. When such a situation 
is encountered, it will be necessary to define two nodes, initial and final 
values, to break the cycle. Networks without cycles like this are called. 
acyclic. 
One of the characteristics of the information network that can be used 
to advantage in the formulation and expression of specifications is its con-
\ 
cise representation of all of the information in the specification. The sim-
ple process of defining a consistent set of items of information can lead to 
realizations of missing or extraneous items. When an existing specification 
is being analyzed or restructured, a preliminary list of the items of infor-
mation would be one of the first steps in the analysis. Ingredients do not 
become apparent until the examination of the detailed logic involving each 
item is begun. The study of the detailed logic is described in the chapter 
on decision table analysis. 
Once the network is constructed from the list of nodes and ingredients, 
it is possible to discern other properties of the hierarchy of information. 
The first is the dependents; each node, except the output nodes, will be an 
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ingredient of a group of nodes, which are called its dependents. Of more' 
use are the concepts of global ingredience and global dependence. The 
global ingredience of a particular node is the portion of the overall net-
work that can be located on branches pointing towards the node. Stating it 
another way, it is a subnetwork that begins at the node in question, then 
goes to each of its ingredients, which are followed in turn by each of their 
ingredients in a recursive manner until all of the branches end at input 
nodes. The direction of traversing this network is counter to the direction 
of the branches. The global dependence is constructed in a similar manner, 
except dependents are used, the final nodes are the output nodes, and the 
direction of traversing is with the direction of the branches as defined 
originally. The global ingredience shows all of the nodes that may have a 
direct or indirect effect on the node in question. The global dependence 
shows all of the nodes that may be affected by the node in question. Refer-
ing to figure 3.1, the global ingredience of node 8 would include all of 
the nodes in the network except nodes 1, 3, 4, and 9. The global dependence 
of node 15 would include nodes 29, 8 and 1. 
The input level, output level, and float are three more properties of 
the nodes in a network that are of some use in the formulation and expression 
of specifications. The input level and output level for a node represent 
the length of path (number of branches) from the node in question to the 
input nodes or output nodes. The output nodes are defined as output level 
zero, their ingredients are at output level one, and so on. Thus in figure 
3.1 the horizontal dashed lines represent the divisions between the output 
levels. Note that where there is more than one path from the node to output, 
the node is placed at the highest level; thus node 6 is at output level three, 
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not output level one. All input nodes are at input level zero. Thus in 
figure 3.1, nodes 3,16, and 10 are a few of the nodes at input level zero. 
For nodes with several paths to the input nodes, the longest path is used. 
The float of a node is the difference between the longest path through 
the network and the longest path through the node. Considering figure 3.1, 
node 8 has a float of zero because it is on the longest path, which is three 
branches long. Node 2 has a float of one (three less two) and node 3 has a 
float of two. The float can be calculated by adding the input and output 
levels at a node and subtracting the sum from the largest level in the net-
work. 
Information networks frequently will have more than one node at the out-
put level. It is entirely possible that the information network for a speci-
fication will consist of more than one completely separate network, al-
though this possibility seems improbable. Such cases do not alter the gen-
erality of what has been described. The definition of what constitutes an 
output node is somewhat arbitrary in any matter. For instance, in the 
example taken from the Basic code the node numbered one is not explicitly 
defined in the text, it was deemed to be the implicit objective of the section. 
3.4 Use in Formulation 
Most of the uses of the information network in aiding the formulation of 
a specification are qualitative. One exception is the check that the network 
be acyclic, which can the construction of the net-
work. Other explicit checks are that the network must have at least one 
output node and one input node. Disconnected portions of the network should 
be examined critically. When the disconnected portion is one node an error 
is revealed. The node either has some ingredients that were left out, is an 
-41-
ingredient of some other node, or is not used at all. Node 5 in the data 
list in section 3.3 is such an unused node. 
The information network also allows the explicit determination of the 
global ingredience and dependence of a node as described above. When a change 
in the definition (decision table) of a node is contemplated, the dependence 
network allows the effects of that change to be traced through the specifica-
tion. Likewise the ingredience network allows any subset of the specification 
to be checked for consistency .. 
One qualitative check is that provisions that deal with parallel 
situations should be located at approximately the same level from output. 
Nodes 30 and 31 in figure 3.1 deal with parallel situations: one with dimen-
sional requirements and the other with material requirements for the same 
physical entity. They both appear at output level two.· On occasion i·t is 
possible to detect faulty logic or data definition through such a check. It 
does not follow that such nodes should necessarily have similar input levels 
or floats. The comparison of output levels is based on the concept that 
provisions described by a nearly identical set of arguments should have nearly 
identical global dependence networks. 
Another qualitative check is on the similarity of ingredients for 
various nodes. Particularly when reformulation of an existing specification 
is being pursued, it may be possible to combine several similar provisions 
taken from different portions of the specification into one new provision, 
thus clarifying the intent of the provision. 
3.5 Use in Expression 
The information network is of use in composing the textual expres-
sion of a specification by providing a guide to the ordering of data items 
required for the definition of a provision and in the recognition of cross 
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references. The overall organization of. the text (ordering of the provisions) 
is somewhat independent of the information network and is discussed in the 
chapter on outlining. 
Two schemes may be defined for the ordering of the data items used 
in. the written definition of a provision: conditional and direct (2,3). 
Conditional ordering means the definition of a data item occurs before its 
ingredients are defined, whereas direct ordering means the definition of a 
data item occurs only after all of its ingredients are defined. Direct 
ordering is similar to the conventional statement of a recipe in a cook-
book. Direct ordering will lead to a boring style of writing when the global 
ingredience of a provision is several levels deep because the reader is 
forced to read the definition of all the possible ingredients before the provi-
sion is located. Conditional ordering allows the user familiar·with the spec-
ification to cease reading the text for a provision when he has read the most 
basic statements if he is already aware of the definitions of items closer to 
input, or if he is only scanning the major requirements. The global ingred-
ience network is used to produce the graphical expression of conditional 
ordering. 
The global ingredience network alone is not sufficient for organiza-
tion of the textual expression needed to define a provision. One difficulty 
is that it does not indicate which of the several nodes at a given precedence 
level should be used first. The problem cannot be completely separated from 
the logic expressed in the decision tables. The float and output level may be 
of some aid, though. They are simply numerical indicators of the depth of 
precedence, or numbers of intermediate steps between the input and output that 
is found on the various branches to the ingredients of a node .. Ingredients 
that have the largest float or level will generally have the smallest global 
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ingredience networks and thus will be easier to define. In some cases, it 
will be most convenient to order"the ingredients that are defined in the 
simplest manner first, however, no consistent rule concerning this has been 
developed. 
Another benefit that the information network offers for formula-
tion and expression of specifications is the explicit recognition of cross-
references. Frequently input parameters and derived data are used in the 
evaluation of more than one provision. This shows up as a closed loop in 
the network -- it also shows up in the listing of more than one dependent for 
some nodes. Proper cross-referencing depends on recognition of these reuses 
of the same items of data. For example, in figure 3.1 nodes six and seven 
will be defined following provision one and then again following provi"sion 
31. Their second occurrence should be cross referenced to mention their first. 
This becomes more important in larger specifications because cross referenced 
nodes will sometimes have a large global ingredience of their own. The cross 
referencing is necessary to prevent duplication and possible confusion. 
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Chapter Four 
OUTLINE 
This chapter describes the overall organization of provisions 
w.ithin a specification. The basic objective of this system is clearly pre-
sented and its use is illustrated with a case study. The details of the 
system are not presented as clearly as those in the previous chapters because. 
of the limited experience that exists with it. 
4.1 Function 
The system of organization referred to as an outline serves to pro~ 
vide access to the proper provisions of a specification that will apply in any 
given situation. For a written specification, the outline serves the same 
function as a table of contents. That is, the scope of the specification 
is described by headings (arguments) and the table of contents lists the 
provisions in a linear sequence (page number, section, chapter or paragraph, 
etc.) according to their relation to the arguments. The organization is 
essentially unrelated to that of the information network. Provisions are 
nodes in the information network, but the outline generally does not 
recognize any relation among the provisions. This allows flexibility in 
the section of an organizational scheme for the outline. 
Earlier work on the organization of'specifications used a network 
of decision tables to accomplish the function of providing access to the pro-
visions (1). While this is not the technique that is described herein, it 
does show very clearly how the arguments are used to identify the applicable 
provision. Figure 4.1 shows a small part of the network of decision tables 
used for representation of the AISC Specification in reference 1. All of 
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the decision tables shown in the figure are part of the network for access 
to the provisions. The next table indicated for execution, table 1.S.1.3.A, 
contains a provision similar to the decision tables described in Chapter Two. 
The conditions of the decision tables in the figure serve the same function 
as arguments. Arguments are described more fully in the next section. 
Section 618 of the 1974 revision to the BOCA Basic Building Code 
(16) will be used as an example in illustrating the identification of pro-
visions and arguments. The text is reproduced on the following pages .. 
Analysis of the section led to the identification of 80 data items in the 
information network. Eighteen of these are provisions, which are listed in 
table 4. 1 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Table 4.1 Provisions 
Provision 
Adequate interior exit stairway 
Acceptable rise between landing platform 
Acceptable winders 
Acceptable handrails 
Acceptable handrail extension 
Acceptable guards 
Acceptable handrails and guards 
Acceptable stairway dimensions 
Acceptable landing platform dimensions 
Acceptable stairway exit doors 
Approved fire door frame and hardware 
Acceptable spiral stairway 
Meets combustibility requirements 
Acceptable supplementary exit 
Acceptable stairway construction 
Adequate design loads 
Adequate enclosures 
Acceptable tread and riser dimensions 
Paragraph 
all 
618.32 
618.42 
618.51 
618.51 
618.52 
618.5 
618.2 
618.31 
618.6 
618.63 
618.7 
618.9 
618.8 
618.9 
618.91 
618.92 
618.4 
In this example, every derived node is a provision; however, this would not 
be true for all specifications. Provisions are generally identified by a 
characteristic form: 
<physical subject> shal1< functional attribute>. 
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BOCA Section 618 - Proposed Revision 
IIS ec tion 618.0 Interior Exitway Stairways 
618.1 Capacity of Exitway Stairs: The capacity of stairways and doors· 
per unit of exit width shall be computed in accordance with section 610. 
618.2 Minimum Dimensions 
618.21 Width: All interior exitway stairways shall be not less than 
forty-four (44) inches in width except that such width may be reduced 
to thirty-six (36) inches in buildings of single exit construction when 
permitted by this code. 
618.22 Headroom: The minimum headroom in all parts of the stair enclos~ 
ure shall be not less than six and two-thirds (6-2/3) feet. 
618.23 Restrictions: No stairways shall reduce in width in the direction 
of exit travel. 
618.3 Landings and Platforms 
618.31 Width: The least dimension of landings and platforms shall not 
be less than the width of stairway. 
618.32 Vertical Rise: In buildings of use group F (assembly) and use 
group H (institutional) occupancy, the height of vertical rise shall not 
exceed nine (9) feet between landings and intermediate platforms. In 
all other buildings, no stair'~ay shall have a height of rise of more than 
twe 1 ve (12) feet between 1 and i ngs .. 
618.4 Treads and Risers 
618.41 Minimum Dimensions: The height of risers and width of treads in 
inches shall be as follows: 
Use Group 
One and two-family·dwellings 
(Use group L-3) 
All s t air s wit h c los ed r i s er s 
Basement service stairs with 
open risers 
Assembly and institutional 
All others 
Maximum Riser Minimum Tread* 
8 1/411 
8 1/411 
7 1/2" 
8 11 
911 
911 
10" 
911 
*All treads shall have a nosing or effective projection of approximately 
one (1) inch. There shall be no variation exceeding three-sixteenths 
(3/16) inch in the height of risers. ' 
618.42 ~linders: Hinders shall not be permitted in required exitway 
stairways except that in one-and two-family dwellings and in ornamental 
stairways not required as an element of an exitway, treads with a 
minimum width of four (4) inches and an average width of nine (9) inches 
may be permitted. 
618.5 Stairway Guards and Handrails: Stairways shall have continuous 
guards and handrails on both sides, and in addition, thereto, stairways 
more than eighty-eight (88). inches in width shall have intermediate 
handrails dividing the stairway into portions not more than eighty-eight 
(88) inches wide. Stairways in one- and two-family dwellings may have 
one handrail. 
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BOCA 618 - Proposed Revision 
618.51 Handrail Details: 
1) handrails may project not more than three and one-half (3 1/2) 
inches into the required stair width. 
2) handrails shall not be less than thirty (30) inches nor more than 
thirty-four (34) inches, measured vertically, above the nosing of 
the treads. 
3) handrails shall extend eighteen (18) inches beyond the top and 
bottom step if a guard or wall exists and shall be returned to 
walls or posts at the ends of the stairways. 
4) handrails shall be designed to withstand an applied load of two 
hundred (200) pounds in any direction at any point. 
618.52 Guard Details: 
1) guards shall be not less than thirty (30) inches in height measured 
vertically above the nosing of the tread. 
2) guards shall be constructed so that the area in the plane of the 
guard from the top of the tread to the top of the guard is sub-
divided or filled in one of the following methods: 
a) a sufficient number of intermediate logitudinal rails constructed 
so that the clear distance between rails (measured at right 
angles to the rail) does not exceed ten (10) inches. The bottom 
rai1 shall be not more than ten (10) inches (measured vertically) 
from the tread nosing. 
b) balusters spaced not more than six (6) inches apart. 
c) panels of wire mesh, or expanded metal, or ornamental grills 
which provide protection equivalent to that provided by the 
intermediate rails or balusters specified in the two preceding 
paragraphs. 
d) walls. 
e) any combination of the foregoing. 
3) Guards at least forty-two (42) inches in heiaht shall be located 
along open-sided floor areas, mezzanines and~landings. 
618.6 Stair Exitway Doors 
618.61 Width: The width of every exitway door to or from a stairway 
shall be not less than the number .of units of exit width required for 
the capacity of the stairway which serves the floor or area from which 
the exitway door leads; but in no case shall such a door be less than 
thirty (30) inches nominal width in use group L-3 buildings (one- and 
two-family dwellings) nor less than thirty-four (34) inches nominal width 
in all other use groups. 
618.62 Direction of Swing: All doors shall swing on a landing in the 
direction of exit travel. When opening, stair exitway doors shall not 
reduce the width of landings to less than the minimum required for its 
capacity. 
618.63 Door Construction: All doorway opening protectives, including 
the frames and hardware, shall be approved self-closing swinging fire 
doors except in one- and two-family dwelling where one and three-quarter 
(1-3/4) inch solid core wood doors are permitted. Labeled fire doors 
shall have a maximum transmitted temperature end point of not more than 
four hundred fifty (450) degrees F. above ambient at the end of thirty 
(30) minutes of standard fire test exposure. 
-48-
BOCA 618 - Proposed Revision 
618.7 Spiral Stairways: Spiral stairways of noncombustible construc-
tion may be used as an element of a means of egress from mezzanine areas· 
not more than two hundred fifty (250) square feet in area nor more than 
one-third (1/3) the area of the floor below. The minimum width shall be 
twenty-two (22) inches for the accommodation of not more than ten (10) 
persons. 
618.8 Supplemental Stairways: In any building other than educational 
or institutional, with low hazard occupancy, or with ordinary hazard 
occupancy with automatic sprinkler protection, where necessary to the 
effective utilization of building site with sloping grade of otherwise· 
essential to the functional design of the building, not to exceed three 
(3) communicating floor levels may be permitted without enclosure or 
protection between such areas, provided all the following conditons are 
met: 
a. The lowest or next to the lowest level is a street floor. 
b. The entire area including all communicating floor levels is 
sufficiently open and unobstructed so that it may be assumed that 
a fire or other dangerous condition in any part will be immediately 
obvious to the occupants of all communicating levels and areas. 
c. Exit capacity is sufficient to provide simultaneously for all the 
occupants of all communicating levels and areas, all communicating 
levels in the same fire area being considered as a single floor 
area for purposes of determination of required exit capacity. 
d. Each floor level, considered separately, has at least one-half 
(1/2) of its individual required exit capacity provided by an 
exit or exits·leading directly out of that area without traversing 
another communicating floor level or being exposed to the spread 
of fire or smoke therefrom. 
618.9 Stairway Construction: Unless herein otherwise provided, all 
required interior stairways shall be built entirely of nonbombustible 
materials with solid risers, treads and landing platforms and all finish 
floor surfaces of non-slip noncombustible materials; except that wood 
handrails shall be permitted, complying with the requirements of section 
618.5. 
618.91 Strength: All stairways, platforms, landings and exitways in 
other than one- and two-family dwellings, shall be adequate to support 
a live load of one hundred (100) pounds per square foot and a concentrated 
load of three hundred (300) pounds. 
618.92 Enclosures: Required interior stairways shall be enclosed in 
partitions of the fireresistance rating specified in table 5. 
618.93 Combustible Construction: In all buildings of type 3 or 4 
construction the stairways and their enclosures may be constructed of 
wood or other approved materials of similar characteristics and of 
adequate strength, except in school buildings. 
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Obviously, some specifications contain many derived values that are not 
provisions. For example, the allowable tension stress, Ft , as described 
by the excerpt from the AISC Specification contained in section 1.1 is not 
a provision, but it is a derived value. The provision is that the actual 
tension stress be less than the allowable tension stress (ft ~ Ft ). 
4.2 Arguments 
The headings of the outline are called arguments. They are key 
words that are used in combinations to define concisely the scope of every 
provision in the specification. Collectively they serve to cover the objec-
tive and the scope of the specification. They are organized into groups 
called argument trees that show the hierarchical structure of the arguments. 
There should be at least two argument trees for any specification; for many 
specifications there will be more. The two always required can be termed 
1) a physical entity tree and 2) a performance attribute - limit state tree 
(12). These two are required because of the characteristic format of pro-
vi~ions, shown in the preceding section. 
The AISC Specification (7) has three argument trees, the third 
tree being based on type of stress being considered (2). Use of the third 
tree is an aid in organization because the terms describing stress are so 
comnonly used by structural engineers. Some of the arguments in the physical 
entity tree would be members, connection, rod, rolled shape, plate girder, 
etc. Safety and serviceability are the objectives of the specification and 
they would be included in the performance attribute tree along with the limit 
states, such as: rupture, yield, instability, vibration, etc. 
The entire trees are not developed here for the AISC Specification 
because they would be quite large. The example from section 618 of the Basic 
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Code is not so large however. Three trees of arguments have been identified 
for it: 1) physical entity (door, handrail, etc.); 2) performance attribute 
(strength, dimensions, etc.); and 3) function (or use) of stair (required, 
supplementary). The three trees are shown in outl ine fashion in table 4.2. 
Table 4.3 shows the arguments associated with each provision. Reference 19 
contains classification schemes (which is the same as a set of arguments) for 
the provisions from both a performance and a prescriptive specification. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Table 4.2 Argument Trees 
Types of Interior Stairways 
Required Exit 
Supplementary Exit 
Other 
(Function) 
Design Requirements 
Dimensions 
Strength 
Materials 
(Performance) 
Combustivel 
Non-combustible 
Appurtenances (Physical) 
Landing Platforms 
Handrails and Guards 
Enclosures 
Doors 
Table 4.3 Associated Arguments 
Provision 
Adequate Interior Exit Stairway 
Acceptable rise between landing platforms 
Acceptable winders 
Acceptable handrails 
Acceptable handrail extension 
Acceptable guards 
Acceptable handrails and guards 
Acceptable stairway dimensions 
Acceptable landing platform dimensions 
Acceptable stairway exit doors 
Approved fire door, frame and hardware 
Acceptable spiral stairway 
Meets combustibility requirements 
Acceptable supplementary exit 
Acceptable stairway construction 
Adequate design loads 
Adequate enclosures 
Acceptable tread and riser dimensions 
Arguments 
Required 
Landing 
Other 
Handrail 
Handrail 
. Handra i 1· 
Handrail 
Dimensions 
Landing 
Required, Doors 
Required, Doors 
Supplementary 
Required, Combustible 
Supplementary 
Required, Design 
Strength 
Required, Enclosure 
Dimensions 
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The arguments at each level in the argument trees must be mutually 
exclusive to provide a unique provision for any situation within the scope 
of the specification. They must also be collectively exhaustive to insure a 
complete specification. Each provision must be associated with at least one 
argument so that it may be accessed from the table of contents. Each terminal 
argument (that is each argument' that has no son) must be associated with at 
least one provision to insure that the provisions cover the scope of the 
specification (12). The association of provisions and arguments also must 
insure that the entire range of a provision is adequately described. 
4.3 Expression of the Outline 
The linear list of provisions is produced by listing each provision 
in the bare bones outline furnished by the argument trees. Provisions that 
are associated with more than one argument are not listed until all the 
arguments associated with it have appeared in the extended tree of arguments. 
The extended tree is produced by appending the trees of the additional 
arguments associated with a provision into the trees of the first argument 
associated with the provision. Thus, the final outline for the provisions 
of the example used in the previous sections is shown in table 4.4: 
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Table 4.4 Final Outline 
Argument Provision 
Types of Interior Stairways ..... Adq. interior exit stairway (1) 
Required Exit .......... ' .... Adq. enclosure (17) 
Enclosures ............ Adq. enclosure (17) 
Doors ................. Ace. stairway exit doors (10) 
Ace. fire door (11) 
Design Requirements ... Ace. Stairway const. (15) 
Combust i b 1 e ...... ~1eets combus ti bi 1 i ty req It (13) 
Supplementary Exit ......... Ace. spiral stair (12) 
Ace. supplementary exit (14) 
Other Acc. winders (3) 
Design Requirements 
Dimensions ................. Ace. stairway dimensions (8) 
Ace. tread and riser (18) 
Strength ................... Adq. design loads (16) 
Materials 
Combustible 
Non-combustible 
Appurtenances 
Landing Platforms .......... Acc. rise between landings (2) 
Acc. landing platform dim. (9) 
Handrails and Guards ....... Acc. Handrails (4) 
Acc. Handrail extension (5) 
Ace. G ua rd s (6 ) 
Acc. Handrails and guards (7) 
Paragraph 
618.92 
618.92 
618.6 
618.63 
618.9 
618.9 
618.7 
618.7 
618.42 
618.2 
618.4 
618.91 
618.32 
618.31 
618.51 
618.51 
618.52 
618.5 
Note that provision number ten is not outlined until both of its 
arguments appear in the outline. It is placed in the section, "Types of 
Interior Stairs," rather than "Appurtenances ll because the argument "Required" 
is associated with it before the argument IIDoors". Other provisions with 
multiple arguments are outlined in a similar fashion. It is possible to 
produce alternate forms of the outline by changing the order that the 
arguments are associated with the provisions. 
5.1 Use of the Technology 
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Chapter Fi ve 
CONCLUSION 
The proposed technology will be useful in producing clear, complete, and 
correct specifications whether employed in the formulation and expression of 
a new specification or in a restructuring of an existing specification. The 
steps outlined below are suggested guidelines only. The activities are 
interdependent and to some extent they cannot be separated into neat 
groups as might othe~/ise be inferred. Also, experience with the technology 
is limited to a relatively small number of people so unanticipated problems 
may arise in the application of the concepts described. Nonetheless, those 
who have been exposed to it believe that it does hold great promise and will 
be well worth the effort involved in implementing it. It is anticipated that 
the experience gained will lead to further development and improvement of the 
method. 
5.2 Formulation 
The first step in the formulation of a new specification ""ould be to 
translate the objective and scope of ~he specification into argument trees. 
As described in chapters one and four, the performance attributes and limit 
states are very important in the semantic development of the specification. 
Also, the various groups of arguments shall be mutually exclusive and collectively 
exhaustive to promote the uniqueness of the provisions and completeness of 
the scope . 
. The second step is to formulate the applicable provisions based upon 
experience and research results that will cover the situation when the 
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arguments i~ply that a provision is necessary. The formulation of the pro-
visions using decision tables and decision trees provides assurances that each 
provision is individually clear and complete. Computer aids are available . 
to analyze the decision tables (4,5). 
The third step is to record.the precedence of information development 
as the information network by storing the ingredients of each derived value 
in order to build the complete network. Computer aids are also available 
to build the network and determine levels, floats, dependents, ~nd various 
global ingredience or dependence subnetworks (4,5). The network is to be 
checked for cyclic loops and qualitative comparisons as discussed in chapter 
three. 
5.3 Expression 
The top level organization (or table of contents, or outline, which-
ever name is preferred) provides a linear sequence for the provisions to be 
expressed in a written form. This mapping of the provisions onto the argument 
trees is based on a simple concept, but the complete algorithm for automatic 
accomplishment is somewhat complex for manual usage, so the algorithm itself 
has not been described in the manual. A computer program is available to pro-
duce the outline (4,5). The example in Chapter Four demonstrated that the 
outline itself i~. simple for small .spectfications. 
The sequence of defining values and conditions for each provision can 
be controlled by conditional or direct ordering. The information network 
~llows the examination of alobal inqredience subnetworks to determine what 
_ •• - .... - _.-- -.-~--.-- -. - ...,J ..... 
these two orderings of the nodes are. Once again, a computer aid is avail-
able (4,5). This ordering cannot always be separated entirely from the logic 
contained within each decision table (3). 
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The actual written phrases and sentences can be guided by the decision 
table. Generally speaking, each rule in the decision table will be associated 
with a clause, a phrase, or a sentence. The decision network will give some 
guidance as to convenient conditions to mention first. No actual work has 
been done using the decision table to predict which order the rules should 
be listed because it should bear a strong relation to information such as the 
most common rule, the general rule, and s6 on, which the decision table does 
not possess. A strict sentence by sentence listing of the rules should lead 
to a very boring text. Textual expression can be very rich and some imagina-
tion should be used when the final wording is produced. Reference 19 contains 
a useful description of the linguistics of writing provisions for performance 
specifications. 
5.4 Restructuring Existing Specifications 
The work required in restructuring a specification that is undergoing 
a major revision should be essentially the same as described above. A more 
common order of work might be: 1) decision table analysis of the existing 
provisions, 2) formulation of the information network, 3) tagging of the pro-
visions with arguments that define their scope, 4) building the arguments into 
trees and checking for completeness and uniqueness, and 5) adding new argu-
ments and new provisions or combining existing ones as necessary to match the 
objective and scope of the specification. 
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GLOSSARY 
Action - the lower portion of a decision table used to state the operations 
to be performed. 
Argument - keywords used to define and classify provisions. 
Branch - the linear element of a network that connects two nodes. In the 
information network, it shows that the node at the tail of the branch 
is an ingredient of the node at the head. 
Condition - the upper portion of a decision table used to express logical 
statements. . 
Decision table - a set of rules specifying certain actions to be executed 
based on a specific set of conditions. 
Decision tree - a logical diagram derived from a decision table that is use-
ful for checking the completeness and compatibility of the decision table. 
Dependence (global) of a node - that portion of the overall information net-
work that can be located on branches pointing away from the node. 
Dependent of a node - a data item whose value may depend on the value of the 
node. 
Else rule '- a rule that is not among those included in the decision table. 
It is generally used in the collective sense to mean all such rules. 
Entry - the right side portion of a decision table showing the values of 
the conditions and the actions to be executed. Each column is a rule. 
Explicit entry - a true (T) or a false (F) condition entry. 
Immaterial entry (I, ., or blank) - a symbol used in the condition entry to 
indicate that the condition may be true or false in that particular 
rule. 
Implicit entry (+ or -) - a symbol used in the condition entry to indicate 
that the value of the condition is predetermined by the explicit entries 
for other conditions for that particular rule. 
Information network - the assembly of nodes and branches used to represent 
all of the data items in the specification and all of the ingredient 
relations. 
Ingredience (global) of a node - that portion of the overall information 
network that can be located on branches pointing towards the node. 
Ingredient of a node - a data item whose value may be required to establish 
the value of the node. 
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Input node - a node on the information network with no branches pointing 
towards it, representing a data item with no ingredients. 
Limit state - a node of unsatisfactory performance. 
Limited entry decision table - a form of decision table in which the stubs 
are logically complete statements. 
Node - a point in a network representing a data ifem. 
Outline - the overall organization for the specification, providing access 
to applicable provisions for all situations. 
Output node - a node on the information network with no branches pointing 
away from it, representing a data item with no dependents (typically 
the status of a provision). 
Provision - a measure mandated by the specification to assure that an entity 
withih the scope of the specification will attain the perf6rmance de-
sired as the objective of the specification. 
Rule - a column in the entry portion of the decision table that prescribes 
a set of conditions in order that a specified set of actions can be 
performed. One and only one rule in any decision table will be valid 
for any given situation. 
Stub - the left side portion of a decision table showing the condition and 
action statements. 
C2 
C3 
R4 
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Rl R2 R3 R4 
. Cl T 
G2 T 
T 
T 
C3 T F 
F Cl T 
T 
F 
C3 
F 
C2 
C3 
R3 
a) Decision Tree Showing the Subtables. 
~--~F~Cl ~T~ __ 
Rl 
T 
T 
F 
F T 
R2 
T 
F 
C2 
---< ")-----. 
R3 
F 
T 
T 
----< C3 ,...---. 
b) Decision Tree Alone. 
F T 
r------t C2 }---..... 
Rl 
C3 
c) Alternate Decision Tree. Condition two was selected as the first condi-
tion to test. Note that rule four appears twice, and those two paths con-
verge at condition two,. where rule four has an irrnnaterial entry. 
Figure 2.1 Decision Tree Generation 
123456 
T F F F F F 
2 T T F ••• 
3TTTFFT 
4TTTTTT 
5 · • . T F • 
6 • F F • • T 
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123456 
1 T F F F F F 
~ ____ f--"C4 >----t~ ___ ...... 2 T T F • 
3 T T T F F T 
5 . T F • 
23456 6.FF •• T 1 
2TF... f 2T 
3 T T F F T ..... ------<Cl~t~ .... 3 T 
5 .. TF. 5. 
6FF. T 6. 
4 5 f t 236 
c3>----I-2 T 
____ f--...C 2 t 
2 
5 T F 
6 5 • 6 F F T 
a) Decision Tree showing subtables 
c4 + + + C1 + + + C2 + + + C3 + + + Rl 
- - - - ELSE 
- - - - ELSE 
- - - - C3 + + + C6 + + + R6 
- - - - C2 + + + R2 
- - - - R3 
C5 + + + R4 
- - - - R5 
- - - - ELSE 
b) Decision Tree shown in machine format; 
+ is for true, - is for false. 
Figure 2.2 Decision Tree from Table 2.6 
1 
3 T 
5 · 6 . 
4 5 
1 
2 • • 
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12345 6 
lTF---F 
2 + T F •• '. 
3 + + + F F T 
4+++TT+ 
5 · • • T F • 
6 . F F T 
f 
1 2 3 6 
1 T F - F 
4 T T ...... --------~ ~t~----...__ 2 + T F • 4 + + + + 
5 T F 
6 
1 
4 5 236 
2 T F • 
5 • 
6 • F F T 
>---t:.-....:t ... 2 i. • 4 + + + f ......--~-< 5 T F 
6 ~ 
5 • 
6 F F T 
2 3 f 
2 T F 
4 + 
5 
a) Decision Tree showing subtables 
C3 + + + C1 + + + Rl 
C6 + + + R6 . 
- - - - C2 + + + R2 
- - - - R3 
c4 + + + C5 + + + R4 
- - R5 
- - - - ELSE 
b) Decision Tree in machine produced format. 
Figure 2.3 Decision Tree for Table 2.8 
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Cl + + + C2 + + + c3 + + + c4 + + + ELSE 
- - - - c5 + + + ELSE ' 
c6 + + + ELSE 
- - - - Rl 
- - - - ELSE 
ELSE 
C3 + + + C2 + + + c4 + + + ELSE 
- - - - c5 + + + ELSE 
c6 + + + ELSE 
- - - - R2 
- - - - ELSE 
-- - - C2 + + + c4 + + + C5 + + + ELSE 
C2 
-
c6 + + + ELSE 
- - - - R3 
- - - - ELSE 
c4 + + + ELSE 
- - - - C5 + ++ c6 + + + ELSE 
- - - - R4 
- - - - c6 + + + R5 
a) Decision Tree for Table 2.3 
+ + + Cl + + + C3 + + + Rl 
- - - - ELSE 
- - - -
C3 + + + R2 
- - - - c4 + + + 
- - -
- - - C5 + + + R4 
- C6 + + + R5 
- - - - ELSE 
b) Decision Tree for Table 2.9 
-
- - - - ELSE 
R3 
ELSE 
Fiqure 2.4 Decision Tree Comparison 
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Figure 3.1 Information Network 
Table 1.X, Main Entry 
~ 
Allowable Stress Design Y 
Execute Table 1. Y Y 
Execute Tab 1 e 2.X y 
Table 1.S.X, Structural 
Steel or Cast Steel Member 
Combined Stress Y 
Execute Table 1 . S. 1 . X 
-65,.. 
N 
Y Table 1.Y, Allowable Stress Design 
Structural Steel Member 7 N N N 
Cast Steel Member N Y N N 
Composite Construction Member N N Y N 
Connection N N N Y 
Masonry Bearing N N N N 
Execute Table 1.5.X Y Y 
Execute Table 1.11.X ...... ,.... Y 
Execute Table 1.1S.A Y 
Execute Table 1.S.5.A 
~ 
Execute Table 1 .6. X Y t Table 1.5.1 .X, Type of Stress in the Member 
Tension Y 
Shear N 
. Compression N 
Bending N 
Bearing N 
Execute Tabl e 1.S.1.l.A Y 
Execute Table 1.5.1.2.X 
Execute Table 1.5.1.3.X 
Execute Table 1.5.l.4.A 
Table 1.5 .1.3.X, Compression Execute Table 1.5.1.S.A 
Member T~~e 
~ 
Axially Loaded Compression Member Y N N 
Web of Beam/Gi rder N Y N 
Bear; ng Sti ffner N N Y 
Execute Table 1.5.1.3.A Y 
Execute Tab i e i.l0.10.A -- Y 
Execute Table 1.10.5.1.A Y 
Figure 4.1 Portion of a decision table network leading to a 
provision for compression members 
N ~ N 
Y N N 
N Y N 
N N Y 
N N N 
Y 
Y 
"' ..... Y 
N 
N 
N 
N 
Y 
Y 
N 
N 
N 
N 
Y 
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